INTRODUCTION
The question of whether per capita income inequality across countries narrows as time goes by is one of the main research topics in the growth theory. In the related literature, there are two major and competing models which are the names SolowSwan model and the new endogenous growth model of growth which can be used to investigate if there is a tendency towards output convergence. The exogenous growth model, also known as the neoclassical growth model or Solow-Swan growth model (Solow, 1956) , predicts that there is a strong pressure for convergence of income over time so that poor countries or regions can catch up with rich ones. This model is based on the assumption that the prevailing technology, the rates of saving, population and technical progress are exogenous variables. The main implication of the neoclassical model is that countries having higher saving rates tend to have higher levels of per capita income while countries with higher population growth rates tend to have lower levels of per capita income. Therefore, economic policy changes will not have a permanent effect on real economic activity since the growth rate is independent of any economic behavior. The new endogenous growth theory (Lucas, 1988; Romer, 1986) , on the other hand, treats the factors, relegated as exogenous by neoclassical model, as endogenous and subject to decision making process at individual firms. Thus, rejection of the convergence hypothesis confirms the prediction of the endogenous growth model.
The present paper aims to test convergence hypothesis using time series of annual data for 21 OECD countries over the 1950-2008 period. Although there are an enormous number of papers (for instance, Carlino and Mills, 1993 , Loewy and Papell, 1996 , Dawson and Sen 2007 , Kasman et al 2005 and Liew and Ahmad 2009 , Dawson and Strazicich 2009 in which time series techniques are used to test convergence hypothesis, our approach is different from them in several respects. First, except for Liew and Ahmad (2009) nonlinear due to some country-specific economic and political factors. Therefore, it is reasonable to say that possible nonlinearities inevitably make the conclusions drawn from a linear structure misleading. Second, though Liew and Ahmad (2009) allow for a nonlinear convergence, they do not consider the fact that there might be some structural breaks in the data set. Only Dawson and Strazicich (2009) allows for a structural break, but they fail to take account of nonlinearities in the adjustment process. In this study we utilize both conventional ADF (Dickey and Fuller, 1979) and Leybourne et al. (1998) unit root test procedures, which allow for gradual structural changes. Moreover, our paper employs Kapetanios et al. (2003) nonlinear unit root test and Sollis's (2004) unit root test procedure which gives consideration to the asymmetric adjustment with smooth structural changes in the data generating process. Our results of nonlinear unit root test procedures are able to reject a unit root in both demeanded output and the output gap from USA series for the selected OECD countries , whereas the standard ADF test fails to do so, providing some supportive evidence of nonlinear convergence in the outputs.
The plan of the study is as follows. Section 2 presents an overview of the econometric methodology. Data set and empirical analysis are given in section 3. Section 4 contains concluding remarks.
NONLINEAR UNIT ROOT TESTS
To test the convergence hypothesis in a nonlinear framework, we first employ Kapetanios et al's. (2003) ESTAR model:
In eguation (1) Two step procedures are used to perform the LNV test. In the first step, equation (3) is estimated using a nonlinear least squares algorithm, and in the second step the usual ADF test is implemented on the residuals ˆt ν obtained from the first step. One of the advantages of the LNV test is that not only gradual but also instantaneous changes in the mean or trend of the series are allowed. ( )
where the residuals ˆt ν obtained from equation 
DATA AND ESTIMATION RESULTS
In the empirical analysis, we use a data set consisting of real GDP per capita (in 1990 US Dollars) for 21 OECD countries from 1950 to 2008. All data series were obtained from the Groningen Growth and Development Centre. A visual inspection of the plot of the data in Fig.1 gives a preliminary information indicating that GDP per capita series of the countries converge to a common mean over the sample period.
Similarly, the plot of the cross-sectional standard deviation against time in Fig.2 reveals that the convergence among themselves is σ-type as defined in Sala-i. Martin (1996) . The demeaned per capita GDP is depicted in Fig.3 , and almost all of the deviations approach to zero. We first test the squared demeaned output and output gaps from USA series for stationarity by ignoring possible non-linearities in the series. (0), whereas the rest of the series are found to be nonstationary. Moreover, the ADF test results indicate that there is no strong evidence of convergence between USA and sample countries. The null hypothesis of a unit root in the series of output gaps from USA is rejected for Austria, Denmark, France, Greece, Italy, Japan and Netherlands,asconsistent with the convergence hypothesis. Since the conventional ADF test does not take into account neither possible nonlinear adjustments nor structural breaks in data generating processes, the policy implication of this test might be misleading.
2 Therefore, we next consider nonlinear unit root tests of KSS and ST-TAR.) Table 2 presents the results of KSS unit root tests for the demeaned outputs and the output gaps from the USA. As Table 2 shows, in 13 of the 21 demeaned income series the null of a unit root is strongly rejected. France, Iceland, Ireland, Netherlands, Norway, Portugal, Sweden and Switzerland are the countries for which we cannot reject the null of unit root in the series. Similarly, the null of nonconvergence can be rejected in 13 of 21 output gap from the USA series (Austria, Belgium, Denmark, Finland, France, Greece, Iceland, Italy, Japan, Netherlands, Norway, Portugal, and Spain) .
As the results of ST-TAR unit root tests presented in Table 3 clearly shows, the null hypothesis is rejected in all considered countries for demeaned series but is not rejected only in the case of New Zealand and Switzerland for the output gap series if it is assumed that the data are not trending and the mean of the series changes gradually in the asymmetric adjustment model as shown in Table  3 -Model A1 and Model A2. When a trend term is included (Table 3 -Model B1 and Model B2), the null of the nonconvergence is rejected for two countries, namely Australia and France for demeaned series but is not rejected for the output gap series of New Zealand and Switzerland. If we further allow the trend term to change gradually (Table 3-Model C1 and Model C2), the null hypothesis is rejected in the case of Australia, France and the UK, and is rejected for Australia, Denmark, Finland and Switzerland for demeaned series and the output gap series, respectively.
CONCLUSION
In this paper we investigate the convergence hypothesis for 21 OECD countries during the period of 1950-2008. This study employs not only a linear but also nonlinear time series techniques. Overall estimation results of the nonlinear unit root test procedures are able to reject a unit root in both demeanded output and the output gap from USA series for several OECD countries whereas the linear ADF test fails to do so, providing some supportive evidence of nonlinear convergence in the outputs. Also, when we employ sigma convergence on these series, we explore that demeaned per capita GDP deviations approach to zero. We might conclude that one must be cautious to possible structural changes and nonlinearities, and take into account for them when examining the convergence hypothesis. 11.5616 (Notes: * and ** denotes 1% and 5% levels, respectively. Models A1 and A2 imply that series are stationary around a mean which changes from initial value to final value. Models B1 and B2 are similar, with the intercept changing from initial value to final value, but allows for a fixed slope term. In models C1 and C2, in addition to change in intercept from initial value to final value, the slope also changes simultaneously, and with the same speed of transition.)
